Objective: The objective of this study was to compare immunohistochemical profile for the apoptosis regulators p53, C-MYC, bax, PUMA, and PTEN and the cell cycle regulatory proteins p21 and p27, as well as clinical factors between types I and II tumors. Methods: In total, 131 patients in FIGO (International Federation of Gynecology and Obstetrics) stages I-II were divided into 2 groups of patients after type I tumors (n = 79) and type II tumors (n = 52). Differences in the immunohistochemical profile for the cell cycleYrelated proteins, detected by tissue microarrays and immune-histochemistry, were compared. For statistical tests, the Pearson W 2 test and the logistic regression model were used. All tests were 2-sided, and the level of statistical significance was P e 0.05. Results: In multivariate logistic regression analysis with recurrent disease as endpoint, FIGO stage (odds ratio [OR], 4.7), type I/II tumors (OR, 3.8), body mass index (BMI) (OR, 3.5), and p53 status (OR, 4.2) all were found to be independent predictive factors. In 2 different multivariate logistic regression analyses with type I/II tumors as endpoint, both p53 + p21 j (OR, 2.9) and p27 status (OR, 3.0) were associated with type II tumors. Differently, C-MYC status (OR, 0.4) was associated with type I tumors. Furthermore, age (OR, 1.04), BMI (OR, 0.4), and recurrent disease (OR, 4.3) all were associated to type II tumors. In survival analysis, there was a trend (P = 0.054) toward better disease-free survival for patients with type I tumors. Conclusions: Concomitant positivity for p53 and negativity for p21, positivity for p27, and negativity for C-MYC in an epithelial ovarian tumor might strengthen the diagnostic option of type II tumor ovarian carcinoma. Patients with type II tumors were older, had lower BMI, and had more often recurrent disease than patients with type I tumors.
types. 2 Furthermore, on the basis of morphologic and molecular genetic studies, the 5 types of ovarian cancer can be classified into 2 groups designated types I and II tumors. Thus, type I tumors are composed of low-grade serous (grade 1), low-grade endometrioid (grade 1 or 2), mucinous, and clear cell carcinomas. Type II tumors consist of high-grade serous (grade 2 or grade 3) and high-grade endometrioid (grade 3). 3, 4 Type I tumors often present in early stage and are slowly growing from benign cystic neoplasm through borderline tumor. They are relatively stable genetically and rarely harbor TP53 mutations with exception of concomitant KRAS mutations in low-grade mucinous tumors. 5 In contrast, type II tumors are rapidly growing and more often present in advanced stage. They are genetically highly unstable and have a high frequency of TP53 mutations. There is mounting evidence that types I and II ovarian tumors develop along different molecular pathways. 4, 6 Some differences in clinical aspects between types I and II tumors have been noted. 1 The classic clinicopathological factors have been proven insufficient to define prognostic subgroups. 7 It is now widely accepted that cancer can arise as a cell cycle defect, but cellular homeostasis is regulated by proliferation, growth arrest, and apoptosis. 8, 9 Apoptosis is a biological process controlled by different regulators and potentially could be a goal for new cancer treatment approaches. 10 As a transcription factor, wild-type p53 can limit cell proliferation after DNA damage by arresting the cell cycle or inducing apoptosis through the mitochondrial pathway by activating the expression of bax and PUMA. 11 However, certain mutants of p53 can inhibit the proapoptotic function of p53 through the formation of heterotetramer with wild-type p53 and induce oncogenesis after up-regulation of C-MYC (Fig. 1) . 12 PTEN is a main tumor suppressor and induces apoptosis by upregulation of wild-type p53. 13 The cell cycle regulators p21 and p27 are belonging to 1 (the Cip/kip family) of the 2 major families regulating the cell cycle.
14 The p21 gene is the primary mediator of p53-induced cell cycle arrest, and cells lacking functional p53 express only low levels of p21. 10 The primary aim of this study was to compare some clinicopathological features and differences in the immunohistochemical (IHC) profile for the apoptosis regulators p53, C-MYC, bax, PUMA, and PTEN and the cell cycle regulatory proteins p21 and p27, detected in previous studies, 15Y18 between the groups of types I and II tumors in patients with International Federation of Gynecology and Obstetrics (FIGO) stages I-II ovarian carcinoma.
MATERIALS AND METHODS
In total, 131 of 140 consecutive patients with FIGO stage (1988 FIGO staging) I-II EOC, who underwent primary surgery and postsurgical chemotherapy in the Uppsala-Ö rebro Medical Region during the 5-year period from January 1, 2000, to December 31, 2004 , were entered into this study. All samples were collected with the patient's informed consent (131 of 140 patients accepted) and were in compliance with the Helsinki Declaration 19 and used in accordance with the Swedish Biobank Legislation and Ethical Review Act (approval by Uppsala Ethical Review Board, decision ref. UPS-03-477). There were 131 available tumors for analysis of p53 and p27, 130 tumors for PTEN and bax, and FIGURE 1. Wild p53 has important function for both cell cycle arrest and apoptosis. However, certain mutants of p53 can inhibit the proapoptotic function of p53 through the formation of heterotetramer with wild-type p53 and induce oncogenesis after up-regulation of C-MYC.
129 tumors for analysis of p21, C-MYC, and PUMA (lower numbers because of technical issues in the staining process).
The staging procedure was done at the time of primary surgery. Modified surgical staging according to the European Organisation for Research and Treatment of Cancer surgical staging 20 was undertaken in 34 (26%) of 131 cases, and in the remaining 77 patients (74%), surgical staging was regarded as minimal or inadequate. All patients had chemotherapy 4 to 6 weeks after primary surgery, usually (n = 105) paclitaxel 175 mg/m 2 and carboplatin (area under the curve = 5) at 3-week intervals usually in 4 courses or single-drug carboplatin in 4 to 6 courses. The mean follow-up time was 65 months (range, 5Y110 months). Survival was defined as date of confirmed histological diagnosis after primary surgery to date of recurrence, death, or last visit.
Tissue Microarray, Immunohistochemistry, and Interpretation
The specimens were obtained from the paraffin blocks containing the embedded tissue removed from the tumor at primary surgery, and after staining with hematoxylin-eosin, they were classified and graded by a single pathologist. The tissue microarrays were constructed as described previously. 21 Two tissue core specimens (diameter, 0.6 mm) from all 131 ovarian carcinomas were arranged in 3 recipient paraffin blocks. The presence of tumor tissue on the arrayed samples was verified by hematoxylin-eosinYstained section by a pathologist. Five-micrometer-thick sections were cut from each multitissue block and were put on coated slides and dried overnight at 37-C. The sections were pretreated by heathinduced epitope retrieval in target-retrieval solution (Dako, Glostrup, Denmark), pH 6, or EDTA buffer, pH 9, for 7 + 7 minutes in microwave oven (99-C). Blocking with peroxidase was performed for 5 minutes. The slides were counterstained with hematoxylin for 2 minutes.
Information about the primary antibodies and IHC analyses can be found in previous studies. 15Y18 The IHC stainings were interpreted by 2 of the authors (I.S. and T.S.). At the time of evaluation, no information was available on the specific diagnosis and prognosis for the individual cases. A semiquantitative analysis 22 was used, and the stainings were graded as negative, +, ++, and +++ for p53, p21, p27, C-MYC, PTEN, and bax, and all those markers were However, for PUMA, weak positive staining (+) was graded as negative (j), and moderate/strong staining (++/+++) graded as positive. The staining for p21 and p53 was considered to be positive when there was a strong, granular staining of the nuclei of the majority of tumor cells, but the staining for p27 and PTEN was considered to be positive when strong granular staining of the nuclei and cytoplasm of the tumor cells was found. Localization for C-MYC staining was nuclear, cytoplasmic, and membranous in the tumor cells. Staining for bax showed faint, nonspecific staining of the cytoplasm. However, the cases, which were interpreted as positive, showed strong granular and punctuate staining of the cytoplasm in most of the tumor cells. Weak cytoplasmic staining for PUMA was detected in tumor cells in almost all tumors evaluated. As negative staining of cytoplasm hardly was detected in this series of patients, our findings were limited to weak or moderate/strong staining of cytoplasm.
Statistical Analysis
The Pearson W 2 test was used for testing proportional differences in univariate analyses. The survival curve was generated by using the Kaplan-Meier technique, and differences between these curves were tested by the log-rank test. The logistic regression model was used for both univariate and multivariate analysis with recurrent disease and tumor type (I/II) as the endpoint, respectively. All tests were 2-sided, and the level of statistical significance was P e 0.05. The STATISTICA 12.0 (StatSoft) statistical package for personal computers was used for the analyses.
RESULTS

Patients
Patients' characteristics are demonstrated in Table 1 . The study population included 79 type I tumors (65.8%) and 52 type II tumors (34.2%). Primary cure was achieved in all 131 patients. The number of recurrences in the complete series was 34 (26%) of 131, and 22 of these patients died because of disease. In the complete series, recurrent disease was associated with FIGO substages (P = 0.0005), FIGO grade (P = 0.030), adequate surgical staging (P = 0.033), and residual disease (P = 0.001). The 5-year disease-free survival rate was 68%, the disease-specific survival rate was 76%, and the overall survival rate was 71%.
Clinical Features Compared Between Type I and Type II Tumors
The mean age of patients with type I tumors (57.2 years) did not differ from that in type II group (60.7 years) ( Table 2) . However, the group of patients with type I tumors had significantly (P = 0.039) higher body mass index (BMI) compared with the type II group. Residual tumor after primary surgery (all 6 patients in FIGO stage IIC) occurred more frequently (P = 0.025) in type II tumors. Recurrent disease was more frequently (P = 0.025) found among patients with type II tumors, and it was a trend (P = 0.054) toward better disease-free survival among patients of type I tumors (Fig. 2) .
Cell CycleYAssociated Proteins Compared Between Type I and Type II Tumors
In previous studies 15Y17 including the total series of patients (n = 131) and 18 including 105 (adjuvant taxane FIGURE 2. Disease-free survival was compared between patients with type I tumors (n = 79) and type II (n = 52) tumors in the study.
chemotherapy) of 131 patients, respectively, results from IHC for some cell cycleYassociated proteins and several combinations of those have already been presented. The status of protein expression (positivity/negativity) for the apoptosis regulators, p53, C-MYC, bax, PUMA, and PTEN and the cell cycle regulatory proteins p21 and p27 and some combinations of those is presented (Table 3 ) and compared between types I and II tumors. Positive staining for p53 and p27 alone was more frequently detected in type II tumors (Fig. 3) . Concomitant positivity for p53 and negativity for p21 (p53 
Multivariate Analysis
Results are shown in Tables 4A-C for univariate and multivariate logistic regression analyses. In Table 4A , with recurrent disease as endpoint, FIGO stage, tumor type (I vs II), BMI in the 2 groups, and p53 status all were independent Table 4B , age, status of C-MYC, and concomitant positivity for p53 and negativity for p21 all were independent predictive factors. In a separate multivariate logistic regression analysis with type I/II tumors also as endpoint (Table 4C) , age, BMI, p27 status, and recurrent disease all were independent predictive factors.
DISCUSSION
Findings from the present study have confirmed that types I and II ovarian tumors exhibit different clinicopathological and IHC features. This is confirmed by previous studies on the basis of morphologic and molecular genetics, showing, that the 5 main histological types of ovarian cancer can be classified into Positive staining for the apoptosis regulator p53, concomitant positivity for p53 and negativity for the cell cycle regulator p21 (vs other combinations in one group), and positive staining for the cell cycle regulator p27 were more frequently detected in type II tumors. Differently, positive staining for the apoptosis regulator C-MYC was more frequently seen in type I tumors. Our findings related to the IHC differences between types I and II tumors are supported by earlier studies. 4, 10, 24 Differences in clinical aspects between types I and II tumors have also been noted. Thus, patients with type II tumors were of higher age, had lower BMI, and had more often recurrent disease than patients with type I tumors. Previous studies have reported that patients with low-grade serous carcinoma are younger than those with high-grade serous tumors and that there is an elevated risk for EOC in women with higher BMI for type I tumors. 24, 25 Furthermore, recurrent disease occurred more frequently among patients in the subgroup of type II tumors, which had 3.8 times increased risk of recurrent disease compared with women with type I tumor. In our series, there was a trend (P = 0.054) for better diseasefree survival for patients with type I tumors compared with patients with type II tumors (Fig. 2) .
Nearly 30% of the EOC patients will present at diagnosis with stage I-II disease with a favorable survival. However, about 30% of those patients will have recurrent disease and survival that is comparable with survival after recurrent disease for patients with stage III-IV disease. 1 In our study limited to FIGO stages I-II, the recurrence rate was 26% for all patients with types I and II tumors in 1 group, and in multivariate analysis, the FIGO stage was the strongest (odds ratio [OR], 4.7) clinical predictive factor for recurrent disease. In a study from Canada 26 on 605 patients in FIGO stages I-II, the FIGO stage was a strong (OR, 8.0) predictive factor for tumor recurrence. The p53 status was also an independent predictive factor for recurrent disease in the present study with an OR of 4.2. This has been confirmed in other studies. 27, 28 In a metaanalysis including 62 studies, a hazard ratio of 1.47 for p53 status was found with overall survival as endpoint. 29 There is mounting evidence that types I and II ovarian tumors develop along different molecular pathways, 4, 6 and tumor type is considered to reflect different diseases with different clinical behavior, response to chemotherapy, and prognosis. 26 The apoptosis regulator p53 was an independent predictive factor for type II tumor only in combination with the cell cycle regulator p21. Thus, the IHC profile of p53 positivity and concomitant negativity of the cell cycle regulator p21 was unique for type II tumors. The p21 gene is the primary mediator of p53-induced cell cycle arrest, and cells lacking functional p53 express only low levels of p21. 10 Presence of the cell cycle regulator p27 alone was mostly (OR, 3) detected in type II tumors, and an OR of 0.3 for p27 status with recurrent disease as endpoint meant 70% decreased risk for a patient with p27 positivity of the tumor to have recurrent disease. In 1 study, 30 the p27 status alone was related to better survival or in combination with p53 in another study. 15 Differently, presence of the apoptosis regulator C-MYC was a predictive factor for type I tumor in a logistic regression analysis. The proposed model by assigning different ovarian tumors into 2 categories (types I and II) based on clinical, morphological, and molecular genetic characteristics facilitates understanding the pathogenesis of ovarian cancer. 31 Type I tumors are considered as slowly growing neoplasm through borderline tumors, but according to 1 study, 32 it is possible that some serous type I tumors can progress to serous type II tumors. How could this new proposed model, which divides ovarian tumors into 2 different artificial types of tumors, become helpful in the clinics? At present, adjuvant therapy for ovarian cancer is mainly dependent on FIGO stage and grade rather than type, and many hospitals have recommended that patients with ovarian carcinoma in FIGO stage IA of tumor grade 1 should not receive adjuvant therapy. 33 Type I tumors, which are considered resistant to traditional chemotherapeutic agents, may in the future have treatment guidelines, which are different from type II tumors. 24 The grade assignment lacks reproducibility depending on the grading system used, and tumor grade does not alone reflect the biological differences of the different types. Based on improvements in how many types are assigned by pathologists, the reproducibility of typing is much better than that of grading. 34, 35 Differences in the IHC profile for p53 p21 status, p27 status, and C-MYC status between types I and II tumors were detected in the present study. Concomitant positivity for p53 and negativity for p21, positivity for p27, and negativity for C-MYC in an epithelial ovarian tumor might strengthen the pathological diagnosis of type II tumor ovarian carcinoma. Thus, our findings might be useful in the histopathologic distinction of types I and II ovarian carcinoma, and the use of designed panels, based on observations in a defined tumor material, as in this series, may increase the diagnostic options. Tumor type has more reproducibly assigned than grade and identifies a larger cohort of women with stage I/II ovarian carcinoma with favorable outcomes and therefore is superior to grade in estimating risk of death from ovarian carcinoma. 26 However, some authorities in the field are in some disagreement with the new classification into 2 groups, designed as types I and II tumors. Thus, clear cell carcinoma exhibits morphologic, molecular, and clinical features that do not entirely resemble either type I or type II tumors, and unlike other type I tumors, clear cell carcinoma is designed as high grade at presentation. 36, 37 This is in agreement with recent findings from Zannoni et al, 36 where they show that clear cell ovarian carcinoma should be studied separately, but still in comparison with the groups of types I and II tumors. It is likely, that serous type II carcinomas containing cells with clear cytoplasm have erroneously been classified as clear cell type I carcinoma in different studies. 38 According to Prat, 2 the classification into just 2 types (I and II) is artificial and limits progress in understanding the biology of the less common types of ovarian carcinoma. Limitations of this study correspond to the relative limited number of patients included and the tissue microarray technology, where only 2 0.6-mm core biopsies were obtained from each specimen for analysis as ovarian carcinomas can be very heterogeneous, and such specimens may not be representative of the tumor in some cases. Finally, the method of semiquantitative analysis 22 was used for the interpretation, where all markers were dichotomized into negative and positive groups. 23 However, our findings might be useful in the pathologic diagnosis of distinction of types I and II epithelial ovarian carcinoma.
